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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a storage cell 
having a small current for writing and a small change of a _ .S 

switching magnetic field, and to provide a memory cell 
and a storage circuit block. 

SOLUTION: The storage cell 10 comprises a plurality of 
superposed layers, a free ferromagnetic layer 1 2 in 
which the direction of a magnetization is changed by the 
direction of a magnetic field in a plurality of the layers, 
and a hollow part 1 9 formed, so as to pass the central 
part of the plurality of the layers through the plurality of 
the layers. The memory cell 20 comprises a conductor 
22, in which a writing current flows to the hollow part 1 9 
of the cell 1 0. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The storage element which contains the centrum formed so that these two or more layers 
might be penetrated in a part for the core of two or more layers which were put together in the pile, 
the layer of the ferromagnetic from which it is contained in said two or more layers, and the direction 
of magnetization changes with the directions of a field, and two or more of said layers. 
[Claim 2] The storage element according to claim 1 with which said two or more layers contain the 
layer of the ferromagnetic with which the direction of magnetization established on the layer of the 
insulator which passes the tunnel current established on the layer of the ferromagnetic from which 
the direction of magnetization changes, and the layer of the insulator which passes said tunnel 
current was fixed by the direction of said field. 

[Claim 3] The storage element according to claim 2 with which the layer of the antiferromagnetic 
substance for fixing the direction of magnetization of the layer of this ferromagnetic was prepared on 
the layer of the ferromagnetic with which the direction of said magnetization was fixed. 
[Claim 4] The memory cell containing the storage element containing the layer of the 
antiferromagnetic substance for fixing the direction of magnetization of the layer of the 
ferromagnetic from which the direction of magnetization changes with the directions of a field, the 
layer of the insulator which passes tunnel current, the layer of the ferromagnetic with which the 
direction of magnetization was fixed, and the layer of the ferromagnetic with which the direction of 
said magnetization was fixed, and the centrum formed in a part for the core of two or more layers 
contained in said storage element. 

[Claim 5] The memory cell according to claim 4 which the conductor which passes a write-in current 
to said centrum has passed. 

[Claim 6] The memory cell according to claim 5 whose conductor of said two or more layers which 
passes said write-in current is non-contact. 

[Claim 7] The memory cell according to claim 4 or 6 which connected to the layer of the both ends 

of two or more of said layers the conductor which passes a read-out current. 

[Claim 8] The store circuit block containing the memory cell according to claim 7 by which the 

conductor which passes a write-in current, the conductor which passes a read-out current, and the 

conductor which reads with the conductor which passes said write-in current, and passes a current 

have been arranged in the shape of a matrix, and has been arranged at the intersection. 

[Claim 9] Two or more layers which were put together in the pile, and the layer of the ferromagnetic 

from which it is contained in these two or more layers, and the direction of magnetization changes 

with the directions of a field, it is ****** - the ferromagnetic from which it is a storage element and 

the direction of said magnetization changes with the 1st layer A storage element including the 1st 

pillar-shaped object which connects one sides which the 2nd parallel layer, and this 1st layer and this 

2nd layer counter by this 1st layer and non-contact, and the 2nd pillar-shaped object which connects 

the other sides which counter with one side of this 1st layer and the 2nd layer. 

[Claim 10] The storage element according to claim 9 in which the annular solid is formed with said 

1st layer, said 2nd layer, said 1st pillar-shaped object, and said 2nd pillar-shaped object. 

[Claim 1 1] The 1st insulating layer which passes the tunnel current by which said two or more layers 

were further prepared on the 1st [ of the ferromagnetic from which the direction of said 

magnetization changes ] layer, The storage element containing the layer of the 1st antiferromagnetic 
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substance for fixing the direction of magnetization of the layer of this 1st ferromagnetic established 
on the layer of the 1 st ferromagnetic with which the direction of magnetization established on said 
1st insulating layer was fixed, and the layer of said 1st ferromagnetic according to claim 9 or 10. 
[Claim 12] The 2nd insulating layer which passes the tunnel current by which said two or more 
layers were further prepared on the 2nd [ of the ferromagnetic from which the direction of said 
magnetization changes ] layer, The storage element containing the layer of the 2nd antiferromagnetic 
substance for fixing the direction of magnetization of the layer of this 2nd ferromagnetic established 
on the layer of the 2nd ferromagnetic with which the direction of magnetization established on said 
2nd insulating layer was fixed, and the layer of said 2nd ferromagnetic according to claim 9 to 11. 
[Claim 13] The storage element according to claim 12 with which the layer of said 2nd 
ferromagnetic contains the layer which has the direction of magnetization of the layer of the 2nd 
antiferromagnetic substance by the layer which has the direction of magnetization of the layer of the 
2nd antiferromagnetic substance, and the direction of the same magnetization, the layer for reversing 
the direction of this magnetization, and the layer for reversing the direction of magnetization, and the 
direction of opposite magnetization. 

[Claim 14] The memory cell containing the conductor which passes two write-in currents which pass 
the centrum of the annular solid formed with said 1st layer which constitutes the layer of a storage 
element according to claim 12 or 13 and the ferromagnetic from which the direction of said 
magnetization changes, the 2nd layer, the 1st pillar-shaped object, and the 2nd pillar-shaped object. 
[Claim 15] the conductor which passes said two write-in currents the memory cell according to 
claim 14 whose comrades are non-contact. 

[Claim 16] The memory cell according to claim 14 or 15 which connected the conductor which reads 
to the layer of said 1st antiferromagnetic substance, and the layer of said 2nd antiferromagnetic 
substance, and passes a current. 

[Claim 17] Said 1st layer which constitutes the layer of a storage element according to claim 12 or 
13 and the ferromagnetic from which the direction of said magnetization changes, The conductor 
which passes two write-in currents which pass the centrum of the annular solid formed with the 2nd 
layer, the 1st pillar- shaped object, and the 2nd pillar- shaped object by non-contact, The conductor 
which was connected to the layer of said 1st antiferromagnetic substance, and the layer of said 2nd 
antiferromagnetic substance and which reads and passes a current, The store circuit block were the 
store circuit block which has a ****** memory cell, and whose conductor which passes said two 
write-in currents has arranged in the shape of a matrix, and has arranged said memory cell to the 
intersection. 

[Claim 18] The store circuit block according to claim 17 which prepared the switching element for 
writing in the edge of the conductor which passes said two write-in currents, and performing ON and 
OFF of a current. 

[Claim 19] The store circuit block according to claim 18 said whose switching element is MOSFET. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a reliable storage element, a memory cell, and a 

store circuit block in small power actuation. 

[0002] 

[Description of the Prior Art] The structure of the memory cell 80 of the lT(transistor)lMTJ 
(Magnetic Tunnel Junction) type currently used conventionally is shown in drawing 4 (a). Moreover, 
the plan of a memory cell 80 is shown in drawing 4 (b). The MTJ component 88 is used as a storage 
element. The MTJ component 88 contains the free ferromagnetism layer 82 which is a layer of the 
ferromagnetic from which the direction of magnetization changes with fields at least, the tunnel 
barrier 84 which passes tunnel current, and the fixed magnetic layer 86 which is a layer of the 
ferromagnetic with which the direction of magnetization was fixed. The MTJ component 88 is 
arranged between the metal layer M2 and the metal layer M3. 

[0003] The current of the writing for writing data in a memory cell 80 is applied to the vector sum of 
two fields which a connoisseur flows the metal layer M2 (write-in Ward Rhine 92) and the metal 
layer M3 (bit line 90), respectively, and are generated according to these write-in currents switching 
the direction of magnetization of the free ferromagnetism layer 82 of the MTJ component 88. 
[0004] Since the write-in current is flowing in parallel [ the MTJ component 88 ] and is separated 
from the MTJ component 88, a part of generated field is used for the change of the direction of 
magnetization of the free ferromagnetism layer 82. However, since all fields cannot use it for the 
change of the direction of magnetization of the free ferromagnetism layer 82, in the conventional 
memory cell 88, a write-in big current is needed. 

[0005] Furthermore, a memory cell 88 has the problem that fluctuation of a SUITCHINGU field is 
large. A switching field is mainly defined with the configuration of the MTJ component 88 which is 
a pattern usually near a rectangle or a rectangle. A rectangular magnetic pattern essentially generates 
the anti-field in a pattern (demagnetizing field), and the reinforcement of a switching field changes 
according to the form of the corner of a pattern. It is very difficult to draw the pattern of the 
rectangle which includes the form of a corner in 1 micron or less. Consequently, the switching field 
of a pattern is changed sharply and failure of the writing of the data of a memory cell 88 occurs. 
[0006] Moreover, the problem of dependability arises by fluctuation of a switching field. That is, 
when the switching field of a certain memory cell 88 is smaller than an external disturbance field 
(disturbing field), the writing of the data of a memory cell 88 occurs by this external disturbance 
field. As such an external disturbance field, there is a leakage part of the write-in field to the next 
memory cell 88. Since it is not the writing of the data of the intentional memory cell 88, the problem 
of dependability occurs by fluctuation of a switching field. 
[0007] 

[Problem(s) to be Solved by the Invention] The purpose of this invention has a small current for 
writing, and fluctuation of the switching field of a memory cell is offering a small storage element, a 
memory cell, and a store circuit block. 
[0008] 

[Means for Solving the Problem] Two or more layers pile up and are put together, and the summary 
of the storage element of this invention contains the centrum formed so that these two or more layers 
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might be penetrated in a part for the core of the layer of the ferromagnetic from which the direction 
of magnetization changes with the directions of a field into these two or more layers, and two or 
more of said layers. 

[0009] The summary of other storage elements is a storage element containing the layer of the 
ferromagnetic from which two or more layers pile up and are put together, and the direction of 
magnetization changes with the directions of a field into these two or more layers, and the 
ferromagnetic from which the direction of said magnetization changes The 1st layer, It is including 
the 1st pillar-shaped object which connects one sides of the 2nd layer, and the this 1st layer and this 
2nd layer, and the 2nd pillar-shaped object which connects the other sides of this 1st layer and the 
2nd layer. 

[0010] The summary of the memory cell of this invention is a memory cell containing the storage 
element containing the layer of the ferromagnetic from which the direction of magnetization changes 
with the directions of a field, the layer of the insulator which passes tunnel current, the layer of the 
ferromagnetic with which the direction of magnetization was fixed, and the layer of the 
anti ferromagnetic substance for fixing the direction of magnetization of the layer of a ferromagnetic, 
and is that the amount of [ of two or more layers contained in said storage element ] core is a 
centrum. Moreover, the conductor which passes one write-in current which passes through the inside 
of a centrum is included. 

[001 1] The summary of other memory cells is that the conductor which passes two write-in currents 
which pass the centrum constituted with the 1st layer which constitutes the layer of the 
ferromagnetic from which other above-mentioned storage elements and the direction of 
magnetization change, the 2nd layer, the 1st pillar-shaped object, and the 2nd pillar-shaped object is 
included. Moreover, this memory cell is having turned to the direction where the direction of the 
magnetization which touches the ferromagnetic of the antiferromagnetic substance of the 1st layer 
and the 2nd layer is the same. 

[0012] The summary of a store circuit block of this invention is that the conductor which reads with 
the conductor which passes a write-in current, and passes a current has been arranged in the shape of 
a matrix, and has arranged the above-mentioned memory cell to the intersection. 
[0013] Said 1st layer from which the summary of other store circuit blocks constitutes the layer of 
the ferromagnetic from which other above-mentioned storage elements and the direction of said 
magnetization change, The conductor which passes two write-in currents which pass through the 
inside of the centrum constituted with the 2nd layer, the 1st pillar-shaped object, and the 2nd pillar- 
shaped object by non-contact, It is the store circuit block which has a memory cell containing the 
conductor which was connected to the layer of the 1st antiferromagnetic substance, and the layer of 
the 2nd antiferromagnetic substance, and which reads and passes a current, and is in the conductor 
which passes said two write-in currents having arranged in the shape of a matrix, and having 
arranged said memory cell to the intersection. 
[0014] 

[Embodiment of the Invention] The gestalt of implementation of the storage element of this 
invention, a memory cell, and a store circuit block is explained using a drawing. 
[0015] As shown in drawing 1 and drawing 2 , two or more layers pile up and are put together, two 
or more of the layers are penetrated to a part for the core, a centrum 19 is formed in it, and the 
storage element 10 has become frame-like (annular). Two or more layers contain the free 
ferromagnetism layer 12 which is a layer of the ferromagnetic from which the direction of 
magnetization changes with the directions of a field, the tunnel barrier 14 which is the layer of the 
insulator which passes tunnel current, the fixed magnetic layer 16 which is a layer of the 
ferromagnetic with which the direction of magnetization is being fixed, and the antiferromagnetism 
layer 18 which is a layer of the antiferromagnetic substance which fixes the direction of 
magnetization of a fixed magnetic layer. The direction of the arrow head in drawing is the direction 
of magnetization. The direction of magnetization is annular as a core, and has closed the centrum 19. 
Therefore, an anti-field does not occur in a storage element 10. In addition, the direction of 
magnetization of the antiferromagnetism layer 18 expresses the direction of the magnetization in an 
interface with the layer (fixed magnetic layer 16) of an adjoining ferromagnetic. Moreover, since a 
storage element 10 is used into a logic chip etc., the matter equivalent to air, for example, an 
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insulator, may be filled by the inside of a centrum 19. 

[0016] The values of the data currently written in by the direction of the magnetization of the free 
ferromagnetism layer 12 to the direction of magnetization of the fixed magnetic layer 16 differ. For 
example, if the direction of magnetization is the same, it will be data of "0", and it will be data of " 1 " 
if the directions of magnetization differ. Distinction of data is distinguished with the resistance of a 
storage element 10. When the data of "0" are compared with the data of "1", the direction of the data 
of "1" is high resistance. 

[0017] The conductor 22 which writes in the centrum 19 prepared in a part for the core of a storage 
element 10, and passes Current Iw passes along the memory cell 20. The conductor 22 and storage 
element 10 which pass a write-in current are non-contact. 

[0018] A field arises by writing in the conductor 22 which passes the write-in current Iw, and 
passing a current. The direction of a field follows Ampere's law (right-handed screw rule). 
Therefore, in drawing 1 , when it writes in caudad from the upper pent of the conductor 22 which 
passes the write-in current Iw and Current Iw flows, the direction of magnetization of the free 
ferromagnetism layer 12 serves as sense of the direction of an arrow head of drawing. Moreover, 
when it writes in the upper part from the lower part of a conductor 22 which passes a write-in current 
and Current Iw flows, the direction of magnetization of the free ferromagnetism layer 12 turns into 
the direction of an arrow head of drawing in an opposite direction. 

[0019] In drawing 1 , when writing the data of "0" in a memory cell 20, it writes in the upper part 
from the lower part of a conductor 22 which passes a write-in current, and Current Iw is passed. 
When writing in the data of "1" on the contrary, it writes in caudad from the upper part of the 
conductor 22 which passes a write-in current, and Current Iw is passed. 

[0020] The conductor 24 which reads to the free ferromagnetism layer 12 and passes a current is 
connected. Moreover, the conductor 26 which reads also to the fixed magnetic layer 16 and the 
antiferromagnetism layer 18, and passes a current is connected. The data memorized by the storage 
element 10 can be read by reading to the conductors 24 and 26 which pass this read-out current, and 
passing Current Ir. 

[0021] Distinction of data uses that the electrical potential difference between storage elements 10 
changes with resistance of a storage element 10. As mentioned above, in the case of the data of "0", 
it is low resistance and an electrical potential difference becomes low. Moreover, in the case of the 
data of "1", it is high resistance and an electrical potential difference becomes high. 
[0022] Magnetization of each class of a storage element 10 forms the closed magnetic circuit, i.e., a 
closed magnetic circuit, when each class has a frame-like form. In this closed magnetic circuit, the 
anti-field which magnetic field strength can weaken along with a storage element 10 is not 
generated, but the magnetic potential of a memory cell 20 is stabilized very much by this. 
[0023] The current Iw of writing flows through the conductor 22 which passes a main write-in 
current, and has the direction of magnetization of the free ferromagnetism layer 12 switched with a 
small current. The switching field of this memory cell 20 is not a deciding [ it is decided by the 
amount of sum total currents which mainly flows inside a closed circuit, and ]-by configuration of 
frame thing. Therefore, the direction change of magnetization of a memory cell 20 is strictly 
controllable. Often controlling a SUITCHINGU field and when the magnetic potential of a memory 
cell 20 is very stable, the dependability of a memory cell 20 improves. 

[0024] The store circuit block using the memory cell 20 of drawing 1 is explained. The conductors 
24 and 26 with which it reads with the conductor 22 with which a write-in current flows, and a 
current flows are constituted in the shape of a matrix, and a memory cell 20 is arranged to the 
intersection, the conductor with which in other words the write-in current of the adjacent memory 
cell 20 flows - they are the conductor 24 with which it reads with 22 comrades and a current flows, 
and the configuration where 26 comrades were connected. This store circuit block is applicable to 
the chip containing MRAM (Magnetic Random Access Memory) or MRAM. Moreover, it is also 
possible to arrange two or more memory cells 20 to one dimension, and to use it for the store circuit 
block of the one-dimensional array of Logic LSI, for example, a 8-bit register etc., without 
constituting a store circuit block in the shape of a matrix. 

[0025] Other storage elements 30 are explained. As shown in drawing 3 (a), the free ferromagnetism 
layer which is a layer of the ferromagnetic from which the direction of magnetization changes with 
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the directions of a field the [ which connects one side of one side of Al A2, the other sides Bl that 
counter, and B-2s with the Al and 1st pillar-shaped object 36 with which the 1st layer 32, the 1st 
layer 32 and the 2nd parallel and non-contact layer 34, and the 1st layer 32 and the 2nd layer 34 
counter, and which connect A2 comrades ] — it comes out with 2 pillar-shaped objects 38, and is 
constituted. The 1st layer 32 and 2nd layer 34 have fixed spacing. As mentioned above, with the 1st 
layer 32, the 2nd layer 34, the 1st pillar-shaped object 36, and the 2nd pillar-shaped object 38, a free 
ferromagnetism layer forms an annular solid 31, and forms the centrum 39 in a part for the core. 
Moreover, the magnetic circuit closed by the free ferromagnetism layer, i.e., a closed magnetic 
circuit, is formed in the surroundings of this centrum 39. In addition, since a storage element 30 is 
used into a logic chip etc., the matter equivalent to air, for example, an insulator, may be filled by the 
inside of a centrum 39. 

[0026] The 1 st antiferromagnetism layer 44 which is the layer of the antiferromagnetic substance 
which determines the direction of magnetization of the 1st tunnel barrier 40 which is the insulating 
layer which passes tunnel current, the 1st fixed magnetic layer 42 which is the layer of the 
ferromagnetic with which the direction of magnetization was fixed, and the 1st fixed magnetic layer 
42 on the 1st layer 32 (the 2nd layer 34 on the field of an opposite direction), and is fixed piles up 
and is put together in this sequence. 

[0027] The 2nd antiferromagnetism layer 56 which is the layer of the antiferromagnetic substance 
which determines the direction of magnetization of the 2nd tunnel barrier 46 which is the insulating 
layer which passes tunnel current, the 2nd fixed magnetic layer 54 which is the layer of the 
ferromagnetic with which the direction of magnetization was fixed, and the 2nd fixed magnetic layer 
54 on the 2nd layer 34 (the 1st layer 32 on the field of an opposite direction), and is fixed piles up 
and is put together in this sequence. 

[0028] In the 2nd fixed magnetic layer 54, the 2nd antiferromagnetism layer 56 is constituted by the 
layer 48 in which the direction of magnetization by the 2nd antiferromagnetism layer 56 has the 
direction of magnetization of an opposite direction by the layer 52 currently determined and fixed, 
the layer 50 which reverses the direction of magnetization, and the layer which reverses the direction 
of magnetization. As for the layer 50 which reverses the direction of magnetization, it is desirable to 
consist of rutheniums. 

[0029] The arrow head shown in each class of drawing 3 (a) shows the direction of magnetization. 
The direction of magnetization of a free ferromagnetism layer is annular, and is closed. The MTJ 
component is formed in the 1st layer 32, the 1st tunnel barrier 40, the 1st fixed MAG layer 42, and 
the 1 st antiferromagnetism layer 44. Moreover, the MTJ component is formed also in the 2nd layer 
34, the 2nd tunnel barrier 46, the 2nd fixed MAG layer 54, and the 2nd antiferromagnetism layer 56. 
That is, two MTJ components are formed. 

[0030] The inside which constitutes the direction of the magnetization of the 1st layer 32 to the 
direction of magnetization of the 1st fixed MAG layer 42 and the 2nd fixed MAG layer 54 comes out 
further, and the direction of the magnetization of the 2nd layer 34 to the direction of magnetization 
of a certain layer 48 determines the data memorized. For example, if the direction of magnetization 
is an opposite direction as shown in drawing, it is data of "1", and it is data of "0" if the direction of 
magnetization is the same direction. 

[0031] Moreover, the 2nd fixed magnetic layer 54 explains the reason containing the layer 48 which 
has the direction of magnetization of an opposite direction in the 2nd antiferromagnetism layer 56. 
The 1st antiferromagnetism layer 44 and the 2nd antiferromagnetism layer 56 need to make the 
direction of magnetization the same. The direction of magnetization of the antiferromagnetic 
substance is determined by heat treatment after film formation among a field (heat treatment 
performed while carrying out the seal of approval of the field), and this is because magnetization of 
the antiferromagnetic substance of the 1st antiferromagnetism layer 44 and the 2nd 
antiferromagnetism layer 56 turns to the same direction by heat treatment among a field. The 
direction of magnetization of the antiferromagnetic substance of the 1st antiferromagnetism layer 44 
and the 2nd antiferromagnetism layer 56 is made the same. And the layers 32, 34, 36, and 38 of the 
ferromagnetic from which the direction of magnetization changes with the directions of a field form 
a closed magnetic circuit. Furthermore, in order to make the same relation of the magnetization of 
the layer of a ferromagnetic which faces on both sides of the tunnel barriers 40 and 46 in the 1st 
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layer 32 and 2nd layer 34, it is necessary to reverse magnetization of the 2nd fixed magnetic layer 54 
once. 

[0032] The memory cell 58 which used the storage element 30 is explained. Two conductors 62 and 
64 have passed to the centrum 39 formed in a part for the core of a free ferromagnetism layer. These 
two conductors are the conductors 62 and 64 for passing the write-in currents Iwy and Iwx. 
[0033] In drawing 3 (a), when writing the data of "1" in a storage element 30, the conductors 62 and 
64 for passing two write-in currents are written in in the direction of the back from this side, and 
Currents Iwy and Iwx flow. Moreover, when writing in the data of "0", the conductors 62 and 64 for 
passing two write-in currents are written in this side from the back, and Currents Iwy and Iwx flow. 
[0034] The conductor 60 with which it reads to the 1st antiferromagnetism layer 44 and the 2nd 
antiferromagnetism layer 56, and a current flows is connected. The data of a storage element 30 can 
be read by passing the read-out current Ir. Distinction of data is distinguished with the resistance of a 
storage element 30. In the case of the data of "0", it is low resistance and an electrical potential 
difference becomes low. In the case of the data of "1", it is high resistance and an electrical potential 
difference becomes high. 

[0035] Since the write-in currents Iwy and Iwx flow the interior of a closed magnetic circuit, a 
current is used effectively to switch magnetization and a current required for a change is very low 
current as compared with the conventional memory cell 80. Moreover, the circuit closed 
magnetically is very stable to an external magnetic field, and, for this reason, fixed and stabilized the 
change of the direction of magnetization of a memory cell 58 and improvement in the dependability 
of memory operation can be realized. 

[0036] The store circuit block 70 using a memory cell 58 is explained. As shown in drawing 3 (b), 
the conductors 62 and 64 which pass two write-in currents are constituted in the shape of a matrix, 
and a memory cell 30 is arranged to the intersection. In other words, they are the conductor 62 which 
passes two write-in currents of the adjacent memory cell 58, and the configuration where 64 
comrades were connected. Switching elements 66a and 66b are formed in the edge of two conductors 
62 and 64, and ON and OFF of a write-in current are performed. Switching elements 66a and 66b 
use MOSFET. 

[0037] Moreover, the write-in current drive circuits 68a and 68b for writing in switching elements 
66a and 66b, and passing a current are formed. 

[0038] Store circuit block 70 like drawing 3 (b) is applicable to the chip containing MRAM or 
MRAM. 

[0039] In drawing 3 , a lengthwise direction is made into the direction of the column address, and a 
longitudinal direction is made into the direction of a row address. For example, when writing data in 
the upper left memory cell 30 in drawing 3 R> 3, switching elements 66a and 66b are turned ON, it 
writes in the left-hand side conductor 62 and the upper conductor 64, and a current is passed. 
[0040] Moreover, it is also possible to arrange two or more memory cells 58 to one dimension, and 
to use it for the store circuit block of the one-dimensional array of Logic LSI, for example, a 8-bit 
register etc., without constituting the store circuit block 70 in the shape of a matrix. 
[0041] As mentioned above, since the conductor with which a write-in current flows passes along a 
part for the core of a free ferromagnetism layer, all the fields generated around the conductor with 
which a write-in current flows can use it for changing the direction of magnetization. Therefore, a 
write-in current can be reduced. Moreover, since the direction of magnetization became annular in 
the free ferromagnetism layer and the field has closed, it is possible to weaken magnetic field 
strength generated around the conductor with which an anti-field does not occur and a write-in 
current flows. It can write in also by this and a current can be reduced. 

[0042] As mentioned above, although the storage element of this invention, the memory cell, and the 
store circuit block were explained, this invention is not limited to these. This invention can be carried 
out in the mode which added the amelioration which becomes various based on this contractor's 
knowledge in the range which does not deviate from the meaning, correction, and deformation. 
[0043] 

[Effect of the Invention] By this invention, the writing of data was attained by low current as 
compared with the conventional memory cell. Moreover, since it passes along the inside of the 
magnetic circuit which the write-in current closed, localization is carried out to the memory cell in 
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which the field by the write-in current is written, and other memory cells are not affected. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 1/25/2005 



JP,2002-353415,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 1 



♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the configuration of the memory cell of this invention. 
[Drawing 2] It is the sectional view of the memory cell of drawing 1 . 

[Drawing 3] It is drawing showing the memory cell of this invention, and a store circuit block, and 
(a) is the block diagram of a memory cell and (b) is the block diagram of a store circuit block. 
[Drawing 4] It is drawing showing the memory cell of the conventional technique, and (a) is the 
sectional view of a memory cell and (b) is the plan of a memory cell. 
[Description of Notations] 
10, 30, 88: Storage element 

12 82: Free ferromagnetism layer (Free FM layer) 

14, 40, 46, 84: Tunnel barrier (Tunnel barrier) 

1 6, 42, 54, 86: Fixed magnetic layer (Pinned FM layer) 

18, 44, 56: Antiferromagnetism layer (Pinning AFM layer) 

19 39: Centrum 

20, 58, 80: Memory cell 

22, 62, 64: The conductor which passes a write-in current 

24, 26, 60: The conductor which passes a read-out current 

3 1 : Annular solid 

32: The 1st layer (Free FM layer) 

34: The 2nd layer (Free FM layer) 

36: The 1st pillar-shaped object (Free FM stud) 

38: The 2nd pillar-shaped object (Free FM stud) 

48: The layer reversed by the direction of magnetization 

50: The layer for reversing the direction of magnetization 

52: The layer to which the direction of magnetization was fixed 

66a, 66b: Switching element (MOSFET) 

68a, 68b: Write-in current drive circuit 

70: Store circuit block 

88: MTJ (Magnetic Tunnel Junction) component 
90: Bit line 

92 : Write-in Ward Rhine 

94: The 1st internal wiring structure 

96: Switching element (MOSFET) 

98: Read-out Ward Rhine (gate) 

1 00: The 2nd internal wiring structure 

102: Ground 



[Translation done.] 
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To 
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2©»©»ipj*-*HaH±**BW-*»i ' 
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*SK*"»*fcii>©Jl»!:J:oT*52 ©E3S8Ktt#©Ji© 

«ft©*isifcE«©«fb©*i&]**"rs»fc. *frtr» 

3j&» 1 2 fcEK©Kttt*To 

[f»#« 1 4 ] I2$ft(il3 (cEK©EttJ(E 

S3faK{b©^i^>b^fb-r*^«iis»©®*«SBg-r 

20 SflftEgl©** SS2©S. $gl©«:ttt*. £.tflg2© 
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*©»*5&»«««r8WiW*fcx 

hb#j» 15] HtftB 2 *©«*ii*fiat*irr3i(*Hi 
±*\ mmv&zn*mi 4iae«©**-y-fc;i/. 

1 6 3 iftEJB 1 ©£3B8£tt©JI t MESH 2 
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c»«« is] mib 2 *©»#ii*»t»[*«rriw*© 
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[000 1] 
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[0 0 0 53 Sfc ^t'J-tr;i/8 8(t 7--< y^z/ifU 

T J m?8 8<DBmc£r>T£lcfelt)C>tl% 0 WfiB<D 
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[0 0 0 7] 
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[000 8] 
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roj of-^no, «fko*ifiiA^a*ntf ru © 
<t^TEj?ij-r«o roj <of-^i: nj ©-r-^it 
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Ts lllCfe^T, #*S£iWtiftI v/*ffirmft2 2© 
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5HWB1 2©«{fc©#|fctt, H©£ffJ73fa©lRj£i:& 
So Sfc, «fri&#®ffi*SSTSM*2 2<DT?5frZ±Jj 
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W2 4*««««ttTVS. IS£ttttAl 6RtfS 
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-5- 



(6) 



Co o 4 2] txt, &f$w<Dmmm?, **vw&if 

[0 0 4 3] 

[02] m i (Dttev-kiwmffimT'&Zo 

[0 3] imm<D * ^ V -fe ;l/ftlflK«HK:/' o -y ^ ^ 
•T0T*fe»3s (a) «^^'J-b;l/O«fi!c0T*fet>, 

(b) tt8SttSByny^O«|j«Hl»**. 

[04] fSe*afBO^*U-b;l/*jSf HT»*t», ' (a) 
tt^ ; e-U-fe;i/<o»f®0T*^t), (b) ttji*y-fe/i/©± 

[EH§«DUJf!8] 

1 0, 3 0,8 8: ffittSR? 
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1 2 
1 4 
arri 
1 6 
r) 
1 8 

1 9 

2 0 
2 2 

2 4 

3 1 
3 2 
3 4 
3 6 

3 8 

4 8 

5 0 

5 2 

6 6 

6 8 

7 0 

8 8 

9 0 
9 2 
9 4 
9 6 
9 8 
1 0 
1 0 
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10 

,82: £&&mm (Free FM layer) 

, 4 0, 4 6, 8 4 : hy*)WVJT~ (Tunnel b 

er) 

, 4 2, 5 4. 8 6: @j£«t£g (Pinned FM laye 



5 6 : E&m/&M (Pinning AFM layer) 

8 0 : 

6 4 : mz&&-n%i*ttit$n* 
6 o : R»aL*»[*»rr*w* 



.4 4, 
,39 
. 5 8, 
, 6 2, 
, 2 6, 

: »«{* 

(Free FM layer) 
:I2©I (Free FM layer) 
: % 1 ©Sttf* (Free FM stud) 
: !S2 0£tt# (Free FM stud) 

■■ &{fc©#lSP£K4E2-e3fc:a&©Jg 

a, 6 6b:Xl'7fyi'l? (MOSFET) 
a, 6 8b: g£i&*S«tSg»lHlBS 

: MTJ (Magnetic Tunnel Junction) 

: h -^^^ 

: ffi 1 <9rt91EK#6Btt 

: X-Tffvytf (MO S F E T) 

: F • <y.4 V (?- h) 

0 : 3g2©rtSf®il£M8jgif* 

2 : 7-X 



30 
















J 




-6- 




mttmuftnmsBMi 1 mm 0*7-1- • 

&«mi?^i^lHJ*^Tf!H^800#itt 
3ff*9 

»^;n»si?iRrtJffiiMiiir 1 #ia 0*7-1- • 
tr- • xiss^ M^nmrt 



<72)«IPHI $0 ft* 

ftmrnmyttmsm 1 #«& 0*7-1- • 

(72) IMS* ^ S££ 

»»RS^^HJ*^=sfe800Sitt 
0*7-1- • tT- • xAftS^i 99H»3it 

«i!jiiiWHiaH5raHiinr**TPs^8oo»ja 
0*7-1- • tr- • xamm ffiwvat 

PfifH 
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